Abstract Tests with a roll type electrostatic separator have shown that the separation of minerals is affected by the material from which the roll is constructed as well as the surface finish of the roll. Experiments have been carried out with single mineral species on roll constructed of titanium, chromium-plated mild steel and aluminium with differing surface finishes. The results indicate that the surface finish influences the separation of the minerals. The effect is attributed to alteration either to the field configuration in proximity of the roll or to the particle-roll capacitance resistance.
INTRODUCTION
The basic work from which the investigation described here originated is described in the paper read to the IEE-IAS annual meeting at Toronto in 1978 [1] . As a result of that study it was considered worthwhile conducting tests on a roll type electrostatic separator to discover whether the forces found to operate when electrical contacts separate could be applied to improving mineral separation.
Since the force was dependent upon the capacitance between the contacts, it appeared that the configuration of the roll and particles might give rise to useful differences in the separation characteristics. Although the final departure of the particle fr.om the roll occurs in an electrostatic field, the initial electrical action, when the particles are under the influence of a corona discharge, is taking place under conditions of current flow and is therefore analogous to the phenomena previously described [1] .
In its commonest form, the electrostatic mineral separator incorporates a rotating cylinder which often has a chromium-plated or polished stainless-steel surface. Little emphasis is placed upon the effects of the surface on the separation of minerals, or on the effect of particular separating surfaces.
Gilbert and George [2] investigated the effect of different metal surfaces, including brass, chromium, duralium and stainless steel. Of these, chromium was considered most suitable for electrostatic separation.
Hudson [3] investigated electrostatic plate type separators and compared shellaced brass, brass, solid copper, mild steel, copper-plated brass and chrome-plated brass. He attributed the differences found to alteration in contact potential between different materials and to the degree of tarnish on the surface of the plate.
Johnson [4] adapted his electrostatic separator for particle sizing by roughening the surface to 'diminish sliding', i.e. to increase the amount of friction between the particle and the roll. None of these investigators related the surface finish quantitatively to the results observed.
The initial aim of the authors' work was to investigate the effect of different materials for the construction of the roll. Differences in the surface finish of the separating roll surface will arise during manufacture. These differences will be governed by the nature of the manufacturing process and the properties of the metals used.
Except for Johnson [4] , previous workers did not attempt to control and measure the actual finish, but in this work the finishes were controlled and measured by the stylus profilometer method using the Centre Line Average convention (CLA). A laboratory electrostatic separator was loaned by Boxmag-Rapid Ltd. for the study [5] . EXPERIMENTAL PROCEDURE 95 Distribution Analyser
The system of trays and splitters supplied with the separator was unsuitable for obtaining a detailed picture of the distribution of the products. A method of accurately analysing the distribution of the products is described in the literature [6, 7] . Consequently, a distribution analyser consisting of sixteen 25 mm wide trays was deployed. These trays were clipped together underneath the separator to collect the products (Figure 1 The presence of water on the surface of the particles affects the surface conductivity and hence the rate of loss of charge, which is an important separation factor. In order to ensure that all traces of moisture were removed from the surface of the minerals, the heater above the feed chute was employed. Experiments indicated that the role of the heater in removing moisture was more important than its heating effect as such [8] .
Electrode Position
The position of the electrode was fixed as shown in Figure 1 quarter of commercial feed rates.
Applied Voltage
The magnitude and also the polarity of the voltage applied to the active electrode affects the charge acquired by a particle and hence its path through the separator.
At all voltages this charge is influenced by the particle/roll electrical contact resistance, size, electrical resistance and the time during which it remains under the influence of the field. At voltages below the onset of corona discharge, the electrical capacitance of the particle is of greater importance than at higher voltages.
When the potential gradient is great enough to give them sufficient charge, non--conducting particles will remain almost totally pinned, while semiconductors and even conductors, will be pinned for part of the revolution of the roll [5, 9] . According to Kelly and Spottiswood [10] conductors are materials with a conductivity > 105 S/m (12-1m-x) and non-conductors with a conductivity
In order to assess the performance of different rolls the distribution of mineral in the analyser was determined at 0 kV, 6 kV and then at intervals of 2 kV up to the sparkover voltage, for both negative and positive electrode polarities. The high voltage supply was half wave rectified with a smooth output.
Physical Properties of the Minerals
The physical properties of the minerals, i.e. specific gravity, moisture content and specific surface area, were determined on the-0.85 + 0.70 mm size fraction and are presented in Table I . [11] .
INITIAL RESULTS
With the standard chromium-plated and titanium rolls, some pinning of both cassiterite and magnetite was observed below the onset of the corona discharge field, which latter was taken as the voltage at which the HT power supply current meter just showed a deflection (for the electrode settings selected, this was about 12 kV for negative polarities and 17 kV for positive polarities), both minerals being pinned more to the chromium roll then to the titanium roll (Figure 2 ).
However, above the onset of the corona discharge, both minerals were pinned more to the titanium roll than to the chromium-plated one.
MEAN TRAY NUMBER Magnetite (Chromium roll)
Magnetite (Titanium roll) . There was little difference in the behaviour of the non-porous barite on either roll; however, pinning to the rolls at higher voltages was much greater than for cassiterite or magnetite, and even at low voltages, the pinning forces were considerable as would be expected for a non-conductor.
The porous barite was thrown from both rolls to the same extent until the voltage was increased to the onset of the corona discharge when the pinning at first increased rapidly, until 18 kV negative polarity and 22 kV positive polarity, after which the rate of increase of pinning decreased. At negative polarities up to 18 kV the barite was pinned more to the chromium roll whereas above 18 kV the difference diminished until there ws slightly more pinning on the titanium roll; at 14 kV the difference was at a maximum ( Figure 3 ).
Discussion of Initial Results
The higher relative permittivity of titanium oxide was expected to cause greater pinning to the titanium roll than the chromium-plated one whilst the difference in surface finish was expected to have the opposite effect. If this expectation is correct it would appear from the initial results that surface finish was the over-riding factor. The surface finish appears to be important in determining the amount of pinning when employing a negative polarity. In the case of the rolls for which a linear relationship was found between pinning and log surface finish, their finish had been achieved by polishing with emery after they had been turned on a lathe, whereas the results obtained with the rougher ones which had been solely turned without any subsequent polishing, no longer lay on the same straight line.
MEAN TRAY NUMBER
Not only the actual magnitude of this surface finish but also the method by which the surface is achieved and therefore the type of surface appears to be an important consideration. The surfaces of the rolls which had only been turned were observed to consist of circumferential radial lines, while those which had been subsequently polished with emery had lateral lines superimposed on the surface in addition.
RESULTS WITH ALUMINIUM
No correlation was found between surface finish and the distribution of a particular mineral for either polarity, although there were differences, considerable in some instances, in the behaviour of the minerals on each of the rolls, for barite (non-porous), at the onset of the corona discharge, due to the greater pinning to the aluminium roll, the difference between the mean tray number on the chromium-plated roll and on the aluminium roll with the coarsest finish was equivalent to a displacement of 150 mm.
In Figure 5, Kilavuz [12] has subsequently shown that cassiterite exhibits marked rectifying properties whereas magnetite does not and therefore tests should be performed with magnetite and cassiterite under similar conditions to determine whether the rectifying property of the mineral is a controlling factor.
Cobine [13] Therefore, unless some other effect or effects which have not been considered are responsible, it seems likely that the surface finish is influencing the mineral separation by virtue of its effect upon the field in close proximity to the roll and/or its effect upon particle-roll capacitance/resistance.
CONCLUSION
Although with negative electrode polarity a correlation was found between the final trajectory of the mineral particles and the surface finish of the separating surface of the roll prepared by turning followed by polishing, this correlation was not manifest with positive electrode polarity. The number of factors involved in the analyses of the observed results were such that further work is required before a rigorous mathematical treatment can be evolved which will enable a more exact interpretation of the results to be made. A preliminary analysis of the mechanical forces acting has already been published [14] but there is insufficient knowledge to incorporate the electrical and other forcesacting.
The apparent lack of specific correlation between surface finish and the final trajectory of a mineral particle when the rolls of aluminium are manufactured solely by turning was unexpected and considerable detailed work may be necessary before the true explanation for this can be found.
The observation that the maximum differences due to surface finish occur when the electrode voltage is dose to the onset of corona discharge may be of considerable practical importance. This could be due to the fact that at these voltages, small increases in voltage result in larger current increases than those which occur for similar voltage changes outside this region. Small differences in the behaviour of the mineral may therefore be ccentuated.
It must be remembered that the onset of the corona discharge will be affected by the relative humidity, temperature and to a lesser extent the air pressure, but
Cobine [13] considered the humidity to be the more important effect. 
